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(54) Abstract Title 

Object tracking within a defined area 

(57) In a method for tracking a number of objects within a defined area e.g players 12 on a football Ditch 1 

which T ST f s °J reflects an u,tra wjde band < UW *>' tim^ 

radio signal and has a unique signature. Further devices 3 are located in or around the defined area 1 to 
receive radiation from the moving objects 12 and provide position information for eachde^7gn«ur» A 

mIh tl n T % t0 C ° ntro1 moveabl * apparatus such as cameras 6,7 or spotlights and may be 

o ZdeSZt^™ 1 mf r mati ° | n 38 3 b3SiS f ° r 9ame ^ adjudication. A furthers may * 
provided for broadcasting and redisplaying positional information at a remote device. 
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) heart rate or fuel remaining, or indeed voice data, to the remote tracking station/s for processing and use 
by others. 

Also, by including into the present invention a computer means that can be made aware of certain rules of 
the game, great benefit may derive from it now being possible to monitor the rules-compliance status for 
all participants, for any number of position-related games' rules, providing real-time adjudication decision- 
support information to match officials. 

Summary of the Invention: 

1) It is an object of this invention to provide a means for the collection of one or more tracked- 
objecfs unique ID, positional and voice/telemetry data within a defined action area. 

2) It is another object of this invention to provide a means for the smooth accurate tracking of objects 
based upon the positional data gathered. 

3) A further object of this invention is to provide a means to broadcast and redisplay the positional 
and other data gathered, for use by remote devices, e.g. for a PC or similar to render a virtual 
display of a live event. 

4) Another object of this invention is to provide the means for a real-time game play adjudication 
decision-support system. 

According to the present invention there is provided a system and method for tracking one or more 
moving objects and regularly recording their position in real-time. System utilises a plurality of ultra 
wideband, time-modulated impulse radio transmitters and transceivers, and employs suitable data- 
communications and positioning algorithms coupled with a computing means to determine, display and 
record a target's position and voice/telemetry data. The information may be used to control one or more 
cameras, spotlights or like apparatus. It can also be used to enable the production of virtual television, the 
provision of performance information for interactive television, positional information as a basis for the 
creation of certain types of computer games and performance and statistical information for sports training 
programmes. 

Description of the Preferred Embodiment: 

In the preferred embodiment the radiation emitting or responsive marker device (Squawker®) emits and/or 
is responsive to Ultra wideband (UWB) microwave radio radiation and is located wherever upon the object 
will most likely provide a substantially unobstructed view between that part of the object, and the radio 
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communications base stations (iTelliNodes), in a given application context. If the orientation of the objev 
is desired in addition to its position, then the object will have two Squawkers® attached - one on either 
flank The signature is preferably provided by a pulse-train of time code modulated short Gaussian 
monocycles in a form of pulse-position modulation in which the value of each instantaneous sample of a 
modulating signal is caused to modulate the position in time of a pulse (see US Pats 6,300,903, 
6,297,773. 6,295,019, 6,133,876, 6,111,536 , 6,031,862, 5,995,534, 5,969,663, 5,963,581, 5.960,031, 
5,952,956 ). The marker devices preferably emit and are responsive to radiation in the region 1.0 Ghz to 
1 0 Ghz. and operate at extremely low power levels, and relatively short ranges. 

The position sensors (iTelliNodes 1 "). like the Squawkers®, are preferably devices which transceive millions 
of low power coded pulses per second across an Ultra wideband of the radio spectrum, enabling high- 
speed and high performance for communications, radar, and precise positioning/tracking. ITelliNodes™ 
are thus able to exchange similarly-coded messages emitted from the Squawker® device/s, as well as 
other iTelliNodes'". Preferred iTellinode devices are UWB transceivers sensitive to pulse-time coded 
modulation spread across the spectrum. In either case the sensor should have a high sensitivity between 
1.0 Ghz and 10 Ghz frequency range, and operate at extremely low power levels, and relatively short 
ranges. Signals are transceived between iTelliNodes™ and from Squawkers® across all or part of the 
action area. 

Scanning the area within range for Squawkers"® emissions provides information that can be used by the 
computer with the means to calculate the two and three-dimensional location of each detected object. 
The computer means enables the information for a particular Squawker® from one or more of the 
iTelliNodes™ to be correlated to provide a series of outputs each corresponding to the position- 
measurement of a single object (Squawker) within the action area at a moment in time. The scanning rate 
is preferably rapid enough to provide smooth motional information. A variety of different positioning 
algorithms are envisaged, such as Angle of Arrival; Time Difference of Arrival etc. 

The output of each iTellinode is corrected (using the approx half dozen prior manual physical-calibration 
measures taken within the action area) to give Cartesian or polar co ordinates for each object within the 
cubic-space that is the defined action area. The identity of each object is determined on the basis of its 
radiated pulse-coded signature. In a preferred embodiment the information is processed to provide time- 



stamped X, Y and Z-axis coordinates in digitally coded form for each unique Squawker®. At the same 
time, and in the same manner, as the identity data is digitally encoded, transmitted, and digitally decoded 
from each target to a listening base station, so telemetry and/or voice data could also be transferred. 
The iTelliNodes™ may be chosen for their small size and weight so that they can be located on poles, 
towers or buildings according to the nature of the location of the action area. The computer means may 
comprise a single microcomputer or a series of microcomputers in different locations. Communication 
between the iTelliNodes™ and the computer means may be by cable, optical fibre or radio link. 

The position, identification and other information provided by the computer means may be stored to 
provide an accurate record of the movements of the objects over a period of time. Alternatively or as well, 
the information may be provided to a robotic position control means (Coolhead®) associated with a 
camera, spotlight or other device that requires directional control. In this manner a camera mounted upon 
a Coolhead® may be instructed to follow a particular object, e.g. a football player or a racing car, without 
reliance on the visual and manual skills of a human operator. It is possible to calculate the distance of the 
selected object from the camera from the positional information already gathered, so that the object can 
be maintained in focus by the camera automatically. Further, by use of this distance information, in 
conjunction with predefined in-field reference-measures, a viable means now exists for automatic zoom 
compensation control of a camera lens. 

The computer means may also be used to forward digital data across a Wide Area Network (WAN) such 
as the Internet or similar, for the purposes of providing a 'data-feed' of the live event's object-position data 
to a plurality of remote devices e.g. PCs, in order that they may use it to render a virtual representation of 
the remote live event, instead of or in addition to traditional broadcast pictures. The relatively tiny size of 
the data required to be transmitted in this innovation means that high-bandwidth network connections 
between the live and remote locations are not required for successful virtual viewing to occur. 

The ability to derive real-time positional data for objects, coupled to the wireless communications nature 
of the preferred embodiment make the present invention ideal for the provision of a game play- 
adjudication system for match officials. Empowering referees and others with an independent, verifiable, 
accurate and automated system that can impartially determine if - and by whom - any number of rules of 
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the game have been broken, e.g. in a soccer context, was player X off r side ? Did the football cross tfc 
goal-line ? will bring a new level of correctness to the field of fair-play. 

Brief Description of Drawings: 

In order that the invention may be clearly understood it will now be described, with reference to the 
accompanying drawings, in which: 

Figure 1 shows a position sensor (iTelliNode™) located at one goal of a football pitch controlling 
two cameras, and 

Figure 2 shows a pair of iTelliNodes™ located at each goal of a . football pitch controlling four video 
cameras positioned around the playing action area. 
An action area comprising a half a football pitch 1 , see Figure 1, has a goal area 2 above which is located 
an iTelliNode™ 3 mounted on a pole 4. The iTelliNode™ 3 includes data transmission means that are 
linked using either cable (not shown) or radio signals through the aerial 5. On each side of the pitch 1 are 
located television camera 6 and 7 mounted on poles 8 and 9. Control signals to the cameras 6 and 7 
originate from a computer base station (not shown) relayed by a cable or radio link via aerials 10 and 1 1 
to a Coolhead® incorporated in each camera platform. 

Each camera platform 6 and 7, incorporates. a Coolhead® that is capable of positional control command 
signals based upon position data derived by the computing means, itself based on measures resulting 
from the iTelliNode™ 3 scans. The Coolhead® orients, focuses and zooms the lens of its associated 
camera. A single player 12 is shown on the pitch 1 . 

The player 12 carries an UWB time-modulated pulse-coded marker (Squawked) not shown that radiates 
(in either transceiving or transmit-only modes, and in either active or passive configurations) a coded 
signal. The iTelliNode™ 3 regularly scans the area of the pitch 1 and on each scan that it detects the 
player 12 it provides positional information related to the position of the player 12 within the action area. 
The positional information is processed by computer means (not shown) to provide signals relating to the 
X, Y and Z coordinates of the action area. These positional signals are sent to either or both of the 
Coolheads® 6 and 7 as control signals enabling them to be directed to and focussed on the player 12. 
The Coolhead® is able to direct the camera axis in both azimuth and elevation. Further controls allow the 



effective focal length of the lens to be changed, zooming, and also enable the lens to be brought into 
focus on the player 12 on the basis of the distance calculated by the computer means. The choice of 
focal length is not an automatic function and is decided by a programme editor. 

Another action area comprising of a complete football pitch 21, see Figure 2, has goal areas 22 and 23 
above each of which are located iTeiliNodes™ 24 and 25 mounted on poles 26 and 27. The sensors 24 
and 25 include data transmission means linked either by cable (not shown) or radio through aerials 28 
and 29. On each side of the pitch 21 are located television cameras 31, 32, 33 and 34 mounted on poles. 
Control signals to the cameras 31, 32, 33 and 34 originate from a base station (not shown) relayed by a 
cable or radio link via aerials 35, 36, 37 and 38 to Cooiheads® on each camera platform. These 
computers relay information to the Coolhead® which orients, focuses and zooms the lens of the camera. 

As described with respect to Figure 1, the iTeiliNodes™ 24 and 25 provide locations and identification 
information for each player on the pitch 21 provided he/she is carrying a functional Squawker®. It is also 
possible for a ball (or similar object) to carry a Squawker® internally. The programme editor will have one 
or more overall views of the pitch 21 and can arrange for one or more of the cameras 31 to 34 to follow 
selected players in accordance with the position calculated on the basis of the information from the 
iTeiliNodes™ 24 and 25. 

in order that the camera motion control is smooth the effective object-position sampling rate used to 
obtain regular positional information must be rapid. Using the proposed UWB.Time Modulated Pulse- 
Coded method, sensor read-out data can be achieved of up to one kilohertz. 

In similar fashion, a lighting unit could be mounted on a Coolhead® , and in the same manner be directed 
to point at a dynamically selected tracked object. 

By the addition of extra sensors, e.g. a pulse-rate monitor or a microphone/speaker arrangement, and 
their interconnection with a Squawker® aboard the object, it would be possible to collect and transmit 
additional object-specific data, e.g. heart rate, 1 & 2-way voice traffic to and from the Squawkers® and the 
iTelliNodes^/computing means. 
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CLAIMS 

1 . A method of tracking a plurality of moving objects within a defined action area such as a sports 
arena wherein each object carries an active or passive marker device (Squawked) which either 
transmits or reflects an Ultra Wideband (UWB) pulse-coded time-moduiated radio signal, having a 
unique signature. One or more position sensor devices (iTelliNodes 7 *) are located in and around 
the action area and are arranged in combination to receive radiation from the moving objects and 
to pcovide position information for each detected signature, and computing means adapted to 
provide an output for each object indicating its position within the action area. 

2. The method as claimed in claim 1, characterised in that the radiation emitting or responsive 
marker device emits or is responsive to Ultra Wideband radio frequency radiation, and is located 
wherever on the object will provide a substantially unobstructed view by the position sensors 

3. The method as claimed in claim 1 or claim 2, characterised in that the signature is provided by 
pulse coded time- modulation of the emitted radiation from the marker device 

4. The method as claimed in either of the claims 2 or 3, characterised in that the marker devices 
emit radiation in the region of 1 Ghz (Gigahertz) through to 10 Ghz. 

5. The method as claimed in any of the preceding claims, characterised in that the position sensors 
are devices containing a multi-component Ultra Wideband radio transceiver sensitive to the 
radiation emitted from the marker device and able to demodulate and identify the position and 
unique ID associated with each object's marker device from all or part of the action area. 

6. The method as claimed in any of the preceding claims, characterised in that the. position sensor 
devices are radio transceivers sensitive to Ultra Wideband Time-modulated pulse-coded radio 
frequency emissions. 

7. The method as claimed in any of the preceding claims, characterised in that sensor devices have 
a high sensitivity in the region 1 Ghz to 10 Ghz. 

8. The method as claimed in any preceding claims, characterised in that the computer means 
(Eyrie) enables the information from ail the position sensors to be correlated to provide a series of 
outputs each corresponding to the position of a single object within the action area at a moment in 
time. 

9. The method as claimed in any preceding claims, characterised in that the output of each position 
sensor is Corrected to provide Cartesian or polar coordinates for each object within the arena. 
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10. The method as claimed in claim 9, characterised in that the output of each position sensor > 
processed to provide X, Y, and Z axis coordinates in digitally coded form. 

11. The method as claimed in any of the preceding claims characterised in that communication 
between the position sensors and the computer means is by cable or radio link. 

12. The method as claimed in any of the preceding claims, characterised in that the position and 
identification Information provided by the computer means is stored to provide a record of the 
movements of the objects over a period in time. 

13. The method as ciaimed in any of the preceding ciaims, characterised in that the position and 
identification Information is provided to position control means associated with a device that 
requires directional control. 

14. The method as claimed in any of the preceding claims, characterised in that the position and 
identification Information is provided to broadcast and redisplay the positional and other data 
gathered, for use by remote viewing devices, e.g. for a PC or similar to render a graphical virtual 
display of a live event. 

15. The method as ciaimed in any of the preceding claims, characterised in that the position and 
identification Information is provided for a real-time game play adjudication decision-support 
system, including integrated 1-way and 2-way UWB RF (voice) communications. 

16. The method as claimed in any of the preceding claims, characterised in that the UWB RF link 
method provides for a secure telemetry between sensors on objects, passing gathered data via 
the marker device emissions to be received by the position sensors in the same manner as the 
positional data signals. 

17. Methods of tracking a plurality of moving objects within an action area s claimed in claim 1 and as 
herein described. 

18. Methods of tracking a plurality of moving objects within an action are3 as herein described with 
reference to the accompanying drawings. 
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